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(54) LIQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract: 

PURPOSE: To make a bright display by forming plural 
projection parts on the surface of a light guiding plate on 
the side of a liquid crystal display element and specifying 
the angle of incidence of light source light on the light 
guiding plate. 

CONSTITUTION: The light guiding plate 61 where the 
projections 61 C are formed is arranged on the observer 70 
side of the liquid crystal display element 72 and a couple of 
lamps 63a and 63b are arranged as a light source on the 
outward side of the opposite flank of the light guiding plate 
61. The angle 9 of incidence of the light source light 69 on 
the internal surface of the light guiding plate 61 on the 
opposite side from the liquid crystal display element 72 is 
set so as to satisfy an inequality, namely, provide total 
reflection. In the inequality, (n) is the refractive index of the 
light guiding plate 61, n1 is the refractive index of a material 
of the light guiding plate 61 which is positioned on the 
opposite side from the liquid crystal display element 72, and 
9 is the angle of incidence of the light source light 69 on the 
surface of the light guiding plate 61 on the opposite side from the liquid crystal display element 72. 
Therefore, the part of reflected light which is made incident on the projection parts 61 C is smaller 
in incidence angle 0 than light which is made incident on other surface, so the light is projected on 
the side of the liquid crystal display element 72. Then light which is reflected by a reflecting plate 8 
and does not matches a total reflection state passes through the light guiding plate 61. 
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* NOTICES * 

JP0 and NCIPI are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2-**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The liquid crystal display component constituted by intervening in a liquid crystal layer 
between a transparence substrate and the opposite substrate equipped with a reflective means to 
counter this transparence substrate, to be arranged and to reflect the incident light from a 
transparence substrate side, The light guide plate arranged at the transparence substrate side of 
said liquid crystal display component and the light source arranged on the side face of said light 
guide plate are included. It is [Equation 1], when the liquid crystal display component of a light guide 
plate sets to n1 the refractive index of the matter located in the opposite side and the liquid crystal 
display component of a light guide plate sets whenever [ incident angle / of the light source light on 
the front face of the opposite side ] to theta by forming two or more heights in the liquid crystal 
display component side front face of said light guide plate, and setting the refractive index of a light 
guide plate to n. The liquid crystal display characterized by fulfilling the conditions of nKn-sintheta. 



[Translation done.] 
* NOTICES * 

JP0 and NCIPI are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the liquid crystal display of the so-called reflex 
used for OA (office automation) devices, such as a word processor and a personal computer, the 
yiewfinder of a portable video tape recorder or the various monitors of a picture signal etc 
[0002] 

[Description of the Prior Art] It is the display which liquid crystal does not emit light itself, but 
receives light to EL (Electro Luminescence; electroluminescence), CRT (Cathode Ray Tube; 
cathode-ray tube), LED (Light Emmiting Diode; light emitting diode), etc. being displays which emit 
light themselves, and is displayed. Therefore, the light source is required, in order to visualize a 
display so that it may be visible to human being's eyes. From the former, many approaches are 
proposed and put in practical use as light equipment of an accepting-reality form liquid crystal 
display. Below, main things are shown. 

[0003] ** Lighting lamp method drawing 8 is the sectional view showing the example of a 
configuration of the liquid crystal display which uses the light equipment of a lighting lamp method 
Lamps 1 1a and 1 1b are arranged the front-face side of a liquid crystal display 12 in the side A liquid 
crystal display 12 is penetrated, it is reflected with a reflecting plate 13, and the light from Lamps 
1 la and 1 1b is floodlighted again to a liquid crystal display 12, and turns into display light. In the 
case of this lighting lamp method, the lamps 11a and 11b which are the light sources can be installed 
in the front-face side of the screen of a liquid crystal display 12, and there are also few components 
mark and they are a simple and cheap liquid crystal display. 

[0004] ** Reflecting mirror method drawing 9 is drawing showing the example of a configuration of 
the liquid crystal display which uses the light source of a reflecting mirror method. The reflecting 
mirror method of the use effectiveness of light is high, and since high brightness is obtained it is a 
method used well. In the liquid crystal display 24 of a lamp 23, a reflecting plate 22 is arranged in the 
opposite side, and the light from a lamp 23 is efficiently emitted to a front face (liquid crystal display 
24 side). Only with a reflecting plate 22, there is a problem from which a high brightness part tends 
to serve as a bias and brightness unevenness around a lamp 23, the diffusion plate 21 is arranged in 
the front face of a lamp 23, thickness of the diffusion plate 21 is changed, and the homogeneity of 
brightness is improved. The light from the diffusion plate 21 is floodlighted to a liquid crystal display 

[0005] ** Monotonous form lamp method drawin gJO is drawing showing the configuration of the 
liquid crystal display which uses the light equipment of a monotonous form lamp method A 
fluorescence agent is applied to the inside of both the front-windshield plate 35 and the tooth-back 
glass plate 36, and a phosphor screen 31 is formed. Discharge electrodes 32a and 32b are arranged 
in the right-and-left both ends of a phosphor screen 31. and a phosphor screen 31 emits light by 
discharge between discharge electrode 32a and 32b. The light from a phosphor screen 31 is 
floodlighted by the liquid crystal display 37. the lamp itself is plate-like and it makes this 
monotonous form lamp method arrange in the tooth-back side of a liquid crystal display 37 — 
sufficient — since optical system is unnecessary, there is an advantage that the use effectiveness 
of light is high. 

[0006] ** Light guide plate method drawingj 1 is drawing showing the configuration of the liquid 
crystal display which uses the light equipment of a light guide plate method. The light guide of the 
light emitted from the lamp 41 is carried out by the multiple echo in the inside of the light guide 
plate 43 constituted from acrylic resin which was excellent in translucency. In the liquid crystal 
display 45 of a light guide plate 43, the reflecting plate 42 is arranged in the opposite side front face 
and the light from a lamp 41 is taken out only from a front face through the diffusion plate 44 and is 
floodlighted by the liquid crystal display 45. Here, although a lamp 41 condenses using a reflecting 
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plate 42. the slit wh.ch is not illustrated and improvement in the use effectiveness of light is aimed 
at rn many cases, s.nce this light equipment is not what used the total reflection of a light guide 
plate theoretically, a reflecting plate 42 and said slit do not restrict the incident angle of light This 
hght equipment .s a th.n form comparatively, and since it excels also in the homogeneity of 
brightness, it can respond to thin form-ization of the electronic equipment using the liquid crystal 
display of a pocket form. 

[0007] ** Although the EL method EL is light equipment of a thin form and a lightweight plan type it 
excelled in the homogeneity of brightness and it has the special feature as light equipment of a 
liquid crystal display, color degradation in use with the narrow selection width efface of a light color 
with low surface brightness has a fault, such as being quick, and has been set and changed into the 
fluorescent lamp with colorization of a liquid crystal display. However, since development of EL of 
high brightness and a raise in a life is progressing in recent years, the EL lamp is again improved 
with the formation of a thin form of a liquid crystal display. 

[0008] ** Transparence reflecting plate method drawing 12 is drawing showing the configuration of 
the liquid crystal display which uses the light equipment of a transparence reflecting plate method 
After being reflected with the front reflecting plate 54 arranged in the front face (watcher 55 side) 
of a liquid crystal display 52. penetrating a liquid crystal display 52. being reflected with the tooth- 
back reflecting plate 53, and the light emitted from the lamp 51 penetrating a liquid crystal display 
52 again and penetrating the front reflecting plate 54, it reaches the watcher 55 who looks at a 
l.qu.d crystal display 52. The liquid crystal display using this light equipment is not put in practical 
use yet. 
[0009] 

[Problem(s) to be Solved by the Invention] In recent years, the miniaturization of OA equipment 
such as a word processor and a personal computer, and portable-ization are progressing By the 
device of a portable form, considering the simple nature of carrying, the formation of a thin form and 
hghtwe.ght-izat.on are indispensable conditions, and the formation of a thin form of a keyboard a 
display, a cell, etc.. etc. and lightweight-ization are progressing quickly. On the other hand reduction 
ot power consumption is also important, and under the environment by which lighting was ready 
since a d.splay can be seen only by outdoor daylight, as for the reflex liquid crystal display the ' 
display device by which light equipment is not attached is used widely. However, in this kind of liquid 
crystal d.splay. if surrounding lighting becomes dark, a display will become hard to see. and there is a 
problem which causes trouble to use. 

[001 0] In order to solve these problems, the reflex liquid crystal display which are a light weight and 
a th.n form and was equipped with the light equipment which can be illuminated to homogeneity over 
the whole d.splay surface is required. In a reflex liquid crystal display, since it cannot illuminate from 
a tooth-back side, transparent light equipment must be arranged in the front face of the screen 
S.nce light equipment can be used only when [ — the reflex liquid crystal display carrying 
transparent front-end form light equipment can see a display only by outdoor daylight, without using 
light equipment with a built-in device, when surrounding lighting is bright, and when surrounding 
lighting ,s inadequate, light equipment with a built-in device is used for it — ] required reduction of 
power consumption is achieved. 

[001 1] In the case of six kinds of above-mentioned conventional techniques, no ** reflecting mirror 
methods, ** monotonous form lamp methods, and **EL methods can install light equipment in the 
tront face of a l.qu.d crystal display on structure. Moreover. ** light guide plate method has a 

rnm Si'" 8 P ' ate ' S,nCe ' ight equipment is not transparent, it cannot be prefaced 
L0012J ** By both the lighting lamp method and ** transparence reflecting plate method although it 
can instal ,n the front face of a liquid crystal display, there is a problem that uniform lighting is 
difficult. Moreover, by ** transparence reflecting plate method, there is a problem that light 
equipment becomes on a large scale and thick. In addition, the display mode using a polarizing plate 
for example. TN-LC, (Twisted Nematic Liquid Crystal). In STN-LC (Super Twisted Nematic LC) ' 
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Although it twists 90 degrees to 270 degrees by making the liquid crystal molecule in a liquid crystal 
display component into initial orientation, a liquid crystal display component is arranged among two- 
sheet 1 set of polarizing plates and it displays using the optical property of the liquid crystal display 
component, i.e., the rotatory-polarization property at the time of non-electric field, and the 
rotatory-polarization dissolution property at the time of electrical-potential-difference impression 
By the above-mentioned ** lighting lamp method and ** transparence reflecting plate method, in 
order to have to install light equipment in the outside of two polarizing plates, light source light will 
pass each polarizing plate a total of 4 times by a unit of 2 times. For this reason, the absorption of 
light in a polarizing plate is large, the use effectiveness of light source light falls, and there is a 
problem that a display becomes dark. 

[0013] The purpose of this invention is offering the liquid crystal display of the reflex in which a 

bright display is possible. 

[0014] 

[Means for Solving the Problem] The liquid crystal display component constituted by this invention 
intervening a liquid crystal layer between a transparence substrate and the opposite substrate 
equipped with a reflective means to counter this transparence substrate, to be arranged and to 
reflect the incident light from a transparence substrate side, The light guide plate arranged at the 
transparence substrate side of said liquid crystal display component and the light source arranged 
on the side face of said light guide plate are included. It is [0015], when the liquid crystal display 
component of a light guide plate sets to n1 the refractive index of the matter located in the 
opposite side and the liquid crystal display component of a light guide plate sets whenever [ incident 
angle / of the light source light on the front face of the opposite side ] to theta by forming two or 
more heights in the liquid crystal display component side front face of said light guide plate, and 
setting the refractive index of a light guide plate to n. 

[Equation 1] It is the liquid crystal display characterized by fulfilling the conditions of nKn-sintheta 
[0016] 

[Function] If this invention is followed, a reflective means will be arranged at the opposite substrate 
side which counters a transparence substrate and is arranged, and a display will be performed by 
controlling transparency/cutoff of light using the liquid crystal display component which reflects the 
light by which incidence is carried out from a transparence substrate side. A light guide plate is 
arranged at the transparence substrate side of a liquid crystal display component, and, as for the 
liquid crystal display of this invention, the light source is arranged outside the side face of this light 
guide plate at a way side. 

[001 7] At this time, with the liquid crystal display component of said light guide plate of light source 
light, the incident angle theta to an opposite side internal surface is set up so that relational 
expression with one above may be filled, namely, so that total reflection may be carried out. Since 
whenever [ incident angle ] is smaller than the light which carries out incidence to front faces other 
than a height as for the light which carried out incidence to said projection part at least among this 
reflected light, outgoing radiation of it is carried out to a liquid crystal display component side. 
Therefore, incidence of the light source light is carried out to a liquid crystal display component, 
without carrying out outgoing radiation to a transparence substrate, i.e., watcher, side. This incident 
light is reflected with the reflective means with which an opposite substrate side is equipped, and 
only the light which does not suit the total reflection condition in a light guide plate among the 
display light which penetrated the liquid crystal display component passes a light guide plate. That 
is, since the light which carries out incidence to the eyes of the watcher located in a fixed distance 
from the transparence substrate used as the screen does not suit total reflection conditions, it can 
usually see a display satisfactory. Moreover, when the light source is erased, a light guide plate 
becomes transparent, and it does not become the failure of the incidence of the outdoor daylight 
from a transparence substrate side, but the display based on outdoor daylight is performed. 
[0018] Thus, the light equipment which consists of a light guide plate and the light source can be 
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installed .n the front-face (screen) side of a liquid crystal display component, uniform and good 
ight.ng is attained at the time of light source lighting, at the time of light source putting out lights a 
light guide plate can become transparent, and the failure of the incidence of outdoor daylight does 
not become but a good display can be realized. Moreover, said light equipment can serve as thin 
form plate-hke, and can be installed between a polarizing plate and a display device In this case 
compared with the conventional liquid crystal display which has arranged light equipment on the' 
outs.de of a polanz.ng plate, the count of passage of a polarizing plate can accumulate few once the 
RD01°9] ^ PO,ar ' Zing P ' ate Can decrease - a bright display can be realized. 

[Example] DrawingJ. is the sectional view showing the configuration of the liquid crystal display 60 
which is one example of this invention. Between polarizing plate 64a of a pair, and 64b a liquid 
crystal display 60 arranges the liquid crystal display component 72. and is constituted Between 
transparence substrate 65a of the pair which consists of glass etc.. and 65b, the liquid crystal 
display component 72 intervenes and the liquid crystal layer 66 is constituted. In this example the 
liquid crystal display component 72 is a liquid crystal display component of a TFT (Thin Film 
Transistor) method, as mentioned later. In this example, although explained taking the case of a TFT 
method, it may not be limited to this and a passive matrix, other methods, for example MIM (Metal 
Insulator Metal) method, etc. is sufficient. 

[0020] A reflecting plate 68 is arranged in the liquid crystal display component 72 of polarizing plate 
64b in i the opposrte side. Since the liquid crystal display component 72 side front face of a reflecting 
plate 68 reflects the incident light from the liquid crystal display component 72 side in homogeneity 
irregularity is formed. 

[0021] Between the liquid crystal display component 72 and polarizing plate 64a. air spaces 71a and 
71b are intervened between polarizing plate 64a. and a light guide plate 61 is arranged. Two or more 
height 61c is formed in the liquid crystal display component 72 side front face of a light guide plate 

[0022] Lamps 63a and 63b are arranged outside the side face in which a light guide plate 61 
counters at a way side, respectively. Between a light guide plate 61 and Lamps 63a and 63b 
Collimators 62a and 62b are arranged, respectively. Collimators 62a and 62b restrict the incident 

ftou , t0 SUrfaCe 61 3 ° f 3 ' ight gU,de P ' ate 61 of the Agoing radiation light from Lamps 63a and 

o3b. In addition, a reflecting plate is formed in the side face in which the lamps 63a and 63b of a 

light guide plate 61 are not arranged, and you may make it prevent the leakage of light 

L0023] Transparence substrate 65b and polarizing plate 64b. polarizing plate 64b. and a reflecting 

plate 68 are pasted up with the transparence adhesives 67a and 67b, respectively 

[0024] Here, transparence substrate 65a. the liquid crystal layer 66. transparence substrate 65b 

polarizing plate 64b. and the transparence adhesives 67a and 67b chose the ingredient so that a 

refractive index might become almost equal. 

[0025] Here, in order to restrict the incident angle of the incident light from Lamps 63a and 63b to a 
light guide plate 61, Collimators 62a and 62b were used, but other approaches may be used as long 

«o * Ca j n /o e u tr,Ct 30 incident an S |e within fixed lim *s. ^r example, possible, in the part near Lamps 
63a and 63b. as for restricting incident light also by attaching a slit in Lamps 63a and 63b whenever 
L to a light guide plate 61 / incident angle ] is small, and since total reflection does not happen and 
direct l.ght source light leaks from light guide plate 61 front face outside, it may cover this part 
Moreover, .f the refract.ve index n of a light guide plate 61 is made into a suitable value all the light 
that carried out inc.dence to the light guide plate 61 can fulfill total reflection conditions In this 
case, a collimator may be omitted. 

[0026] Moreover, it may be made to perform coating for repairing the blemish produced in order to 
prevent coating or a blemish for making the antireflection f.lm and total reflection easy to produce 
etc. if needed to one of the front faces 61a and 61b of a light guide plate 61 or both 
L0027] Moreover, as long as a reflecting plate 68 and transparence substrate 65b can be fixed with 
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means other than transparence adhesives, you may make it filled up with bulking agents, such as a 
silicone oil, instead of transparence adhesives. 

[0028] Up surface 61a of a light guide plate 61 may be coated with an ingredient with a refractive 
index smaller than a light guide plate ingredient further again. In this case, the direct adhesion of the 
polarizing plate 64a can be carried out on a light guide plate 61. Furthermore, if the refractive index 
of a light guide plate 61 and polarizing plate 64a is made into a suitable value, the direct adhesion of 
the polarizing plate 64a can be carried out on a light guide plate 61. Moreover, lower surface 61b of 
a light guide plate 61 may be coated with an ingredient with a bigger refractive index than a light 
guide plate 61. Moreover, if there is no trouble in taking out light from lower surface 61b of a light 
guide plate 61, coating may be performed to lower surface 61b, and it will not matter even if it 
pastes up with transparence adhesives with glass substrate 65a and a suitable refractive index. 
[0029] Although this example furthermore described the liquid crystal display which uses a polarizing 
plate, it can carry out also to the liquid crystal display which does not use polarizing plates, such as 
macromolecule distributed process input output equipment. In this case, in drawins 1 , polarizing 
plates 64a and 64b and adhesives 67a are omissible. 

[0030] Drawin g_2 is process drawing explaining the production process of a liquid crystal display 60. 
At a process a1, transparence substrate 65b is formed using borosilicate glass, on the other hand, 
an amorphous silicon TFT is formed in the procedure of this transparence substrate 65b general in a 
front face, and a picture element electrode is formed in the shape of a matrix. Resin, such as 
polyimide. is applied to the front face, rubbing processing is performed, and the orientation film is 
formed. At a process a2, transparence substrate 65a is formed using borosilicate glass etc., and, on 
the other hand, the transparent electrode (ITO;Indium TinOxide) and orientation film which are a 
common electrode on a front face are formed. 

[0031] At a process a3, the transparence substrates 65a and 65b are arranged so that an electrode 
forming face may counter, and a spacer is intervened between substrates, and it is **********. At 
a process a4, TN (Twisted Nematic) liquid crystal is enclosed between transparence substrate 65a 
and 65b. Here, although liquid crystal used ZLI-1565 by Merck Co., other liquid crystal ingredients 
may be used. For example, since a polarizing plate will become a defect if the polymer distributed 
liquid crystal which is the liquid crystal ingredient which compound-ized the organic macromolecule 
and the liquid crystal compound is used, the use effectiveness of light improves. Moreover, if the 
liquid crystal ingredient of a guest host mold is used, a polarizing plate can be displayed by one 
sheet. Furthermore, if the liquid crystal ingredient of the White Taylor mold is used also especially 
among guest host molds, a polarizing plate will become unnecessary like the compound-ized liquid 
crystal ingredient of an organic macromolecule and a liquid crystal compound. On the other hand, 
many ingredients are known besides the ingredient shown by this example also in TN liquid crystal 
ingredient, and it does not matter even if it uses other ingredients. 

[0032] Then, at a process a5, polarizing plate 64b is pasted up on transparence substrate 65b by 
transparence adhesives 67a of an epoxy system. Then, at a process a6, the aluminum reflecting 
plate 68 which performed hairline processing is pasted up on polarizing plate 64b by transparence 
adhesives 67b of an epoxy system. Then, the light guide plate 61 made from PMMA 
(polymethylmetacrylate) of about 2.5mm of board thickness in which the height of a cone form with 
a diameter [ of about 20 micrometers ] and a height of about 12 micrometers was formed on the 
surface of one side was fixed to the location of extent which touches up substrate 65a lightly. 
[0033] Although this example showed the example which pasted up the aluminum reflecting plate 68 
on polarizing plate 64b. it does not limit to this. For example, since polarizing plate 64b is omissible 
among one pair of polarizing plates 64a and 64b if the ECB (Electrically controlledbirefringence) mold 
LC. the guest host mold LC. the White Taylor mold guest host LC. polymer distributed process input 
output equipment LC. etc. are used, a reflecting plate can be formed on glass substrate 65b. 
[0034] Then, at the process a8. up surface 61a of a light guide plate 61 and spacing of about 1mm 
were opened, and polarizing plate 64a was attached. After fixing to the frame which does not 
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illustrate these, in the process a9, Collimators 62a and 62b and Lamps 63a and 63b were attached 
[0035] r>awing_3 is drawing explaining the principle of operation of a light guide plate 61 The light 
69 which earned out incidence to the light guide plate 61 from Lamps 63a and 63b is [0036] when 
the refractive index of theta 1 and a light guide plate 61 is set to n for the incident angle over up 
surface 61a of a light guide plate 61. 

[Equation 2] When fulfilling the conditions of sintheta1> 1-/n. incident light 69 spreads the light 
guide plate 61 interior, repeating reflection by up surface 61a of a light guide plate 61 and lower 
surface 61b. At this time, when light carries out incidence to height 61c formed in lower surface 61b 
of a light guide plate 61. the incident angle theta 3 to the front face of height 61c is [0037] 
[Equation 3] It is theta3=theta1-theta2. Here, the incident angle theta 3 is [0038]. 
[Equation 4] If the conditions of sintheta3< 1-/n are fulfilled, total reflection of the light 69 will not 
be carried out on the front face of height 61c of a light guide plate 61. but it will carry out outgoing 
radiation to the exterior of a light guide plate 61. At this time, the outgoing radiation include angle 
theta 4 is [0039]. 

[Equation 5] If theta4>90 degree-theta2 are filled, incidence of the light which carried out outgoing 
radiation will be again carried out to a light guide plate 61 from lower surface 61b, and it will carry 
out outgoing radiation from up surface 61a. 
[0040] It is [0041] in order to prevent this. 
[Equation 6] 

theta 1<theta2+sin-1{sin(90 degree-theta2)/n} 

What is necessary is just to restrict the incident angle theta 1 so that ****** may be satisfied 
Since PMMA was used as an ingredient of a light guide plate 61 in this example, a refractive index n 
is about 1 .5. Therefore, [0042] 

[Equation 7] theta 1> Total reflection of the illumination light 69 is carried out by up surface 61a of a 
light guide plate 61 at the time of 42 degrees. 

[0043] On the other hand, the conditions in which the illumination light 69 does not carry out total 
reflection on the front face of height 61c are [0044]. 

[Equation 8] theta2> It is 48 degrees. Moreover, the conditions in which the light which carried out 
outgoing radiation once does not carry out incidence again are [0045]. 
[Equation 9] It is theta K74.5 degree. 

[0046] At this example, it is a setup of Collimators 62a and 62b [0047] 

[Equation 10] As a result of considering as 45 degree<theta1<70 degree and considering as 
theta2-50 degree in consideration of the process tolerance of a light guide plate 61, the assembly 
precision of a lighting system, the precision of a collimator, etc., the leakage of the light to the 
direction of up surface 61a of a light guide plate 61 was not accepted, but as a result of checking 
that the illumination light carries out outgoing radiation only to lower surface 62b and attaching in 
the liquid crystal display component 72, the good display property was acquired. 

[0048] Moreover, in order not to carry out incidence of the illumination light 69 which spreads a light 
guide plate 61 to the point of height 61c formed in the cone form or the pyramid form it may make 
a flat surface a part for the point of height 61c. At this time, height 61c becomes a truncated-cone 
form and a truncated-pyramid form. 

[0049] Djrawing_4 is drawing showing other configurations of height 61c. Here, height 81c of the 
shape of an easy semi-sphere of processing is formed. Hereafter, the principle of operation is 
explained with reference to drawing 4 . 

[0050] It is [0051], when the incident angle over up surface 61a of a light guide plate of the 
illumination light 89a and 89b which carried out incidence to the light guide plate 61 from Lamps 63a 
and 63b, and lower surface 61b is set to theta 15 and theta 1 1, respectively and the refractive index 
of a light guide plate 61 is set to n. 
[Equation 11] sinthetal 1>1/n [0052] 

[Equation 12] When fulfilling the conditions of sinthetal 5> 1-/n, illumination light 89a and 89b 
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spreads the light guide plate 61 interior, repeating reflection between up surface 61a of a light guide 
plate 61, and lower surface 61b. 

[0053] The 81 d [ of front faces of height 81c of illumination-light 89a which passes right end 
cont.guity sect.on 81 e in d X awing_4 of height 81c when illumination light 89a and 89b carries out 
incidence to he.ght 81c formed in lower surface 61b of a light guide plate 61, and illumination-light 
89b which passed along 81f of left end contiguity sections of height 81c ] incident angles theta13 
and theta16 are [0054]. 

[Equation 13] theta 13**90 degree-thetal 5[0055] 
[Equation 14] It is theta 16**90 degree-thetal 1. 

[0056] Since the illumination light 89a and 89b which carries out incidence to height 81c passes 
through between said right end contiguity section 81e and 81f of left end contiguity sections a 81d 
L of front faces of height 81c ] incident angle becomes smaller than the above theta13 and theta16 
Since a refractive index is about 1.5 when PMMA is adopted as the ingredient of a light guide plate 
when the incident angle on the front face of a light guide plate is 48 degrees or more the 
illumination light carries out outgoing radiation by height 81c. As a result of restricting the incident 
angle of a light guide plate 61 so that it may become 48 degrees or more with a collimator the 
leakage of the illumination light from a light guide plate front face was not accepted, but outgoing 
radiation of the illumination light was carried out from lower surface 61b. When the light guide plate 
61 was attached in the liquid crystal display component 72, good display grace was acquired 
L0057J Drawing 5 is drawing for explaining other examples of this invention. Drawing 5 is referred to 
and it is [0058] from a Snell's law first. 

[Equation 15] N-sinthetab=sinthetaa is realized. Here, it is [0059] when the light from the external 
lamps 63a and 63b carries out incidence into a light guide plate 61. 

[Equation 16] It is set to sinthetab<1-/n. On the other hand, the conditions in which incident light 
carries out total reflection on the front face of the light guide plate 61 interior are [0060] 
[Equation 17] It is sinthetac>1/n. It is here and is [0061]. 

[Equation 18] Since it is c= 90 degree of theta b+theta, it is said-16 number and several 17 to 

L0062J. 

[Equation 19] 

sinthetab<1-/n<sin (90 degree-thetab) 

It comes out. thetab which fills this several 19 relational expression is [0063]. 
[Equation 20] It is thetab<45 degree. At this time, a refractive index n is [0064]. 

[Equation 21] It is n> 1.42. Therefore, when the refractive index n of a light guide plate 61 fills said- 
21 number, the collimators 62a and 62b for restricting the incident angle of the incident light to a 
light guide plate 61 become unnecessary. For example, since a refractive index n is 1 5 when PMMA 
is used as an ingredient of a light guide plate 61, the collimator for restricting the upper limit of the 
incident angle of the incident light from Lamps 63a and 63b becomes unnecessary. 
L0065] Drawing 6 is drawing for explaining other principles of operation of a light guide plate 61 
Here the refractive index of a light guide plate 61 is set to n, in the liquid crystal display component 
72 of a light guide plate 61, the refractive index of the matter located in the opposite side is set to 
n1, and the refractive index of the matter located in the liquid crystal display component 72 side of 
a light guide plate 61 is set to n2. 

[0066] Drawjng_6 (1) shows the actuation in n1=n2. Although light is reflected in lower surface 61b 
other than he.ght 61c of a light guide plate 61, outgoing radiation of the light which carried out 
incidence to he.ght 61c is carried out to the liquid crystal display component 72 side, without 
reflecting. 

[0067] Drawin g_6 (2) shows the principle of operation in n1>n2. In up surface 61a of a light guide 
plate 61, although total reflection of the light is carried out, outgoing radiation of it is carried out to 
the l.qu.d crystal d.splay component 72 side also from parts other than height 61c of lower surface 
61b. Outgo.ng radiation of the light which carried out incidence to height 61c is altogether carried 
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out to the liquid crystal display component 72 side like the case where it is shown in drawing 6 (1) 
[0068] As for drawingjj (3), the refractive index n2 shows the principle of operation in the case of 
being sufficiently small compared with the refractive index n of a light guide plate 61. In this case, 
the light which carried out outgoing radiation from height 61c may carry out re-incidence to a light 
guide plate 61. At this time, outgoing radiation of the light which carried out re-incidence is carried 
out to an upper part 70, i.e., watcher, side from up surface 61a of a light guide plate 61. Although the 
outgoing radiation to the upper part of such a light is not not much desirable, if it does not reach a 
watcher's 70 eyes directly, it does not serve as big trouble. 

[0069] Drawing 7 is a graph which shows the relation between the number of a height, and the 
quantity of light. What is necessary is just to choose the number of a height suitably according to 
the quantity of light of Lamps 63a and 63b. Moreover, the quantity of light taken out from a light 
guide plate can be equalized by changing the magnitude of a projection, a configuration, a 
consistency, etc. suitably in the front face of a light guide plate. On the other hand, if a projection is 
arranged to a light guide plate so that it may become good [ locations other than the pixel of the 
liquid crystal display component 72, for example, the light-shielding film between pixels, ], a display 
will stop influencing at all by projection, and a more desirable display will be obtained. 
[0070] Although PMMA was used as an ingredient of a light guide plate in this example, a light guide 
can be carried out that there is no attenuation in homogeneity, and as long as a refractive index is a 
suitable value, ingredients, such as other ingredients, for example, glass, CR-39 resin, a 
polycarbonate, a polyvinyl chloride, and polyester, may be used. 

[0071] The light which carried out outgoing radiation from the light guide plate 61 as mentioned 
above does not reflect transparence substrate 65a. either, but it goes straight on until it reaches a 
reflecting plate 68. After scattered reflection is carried out and being equalized by reflector 68a. the 
light which reached reflector 68a of a reflecting plate 68 carries out sequential passage of adhesives 
67b, polarizing plate 64b, adhesives 67a, transparence substrate 65b, the liquid crystal layer 66 
transparence substrate 65a. air-space 71b, a light guide plate 61, air-space 71a. and the polarizing 
plate 64a, and reaches the eyes of the watcher 70 who looks at the screen. At this time, in order to 
improve the homogeneity of light, a diffusion plate can also be obtained between a reflecting plate 
68 and transparence substrate 65b. 

[0072] According to this example, the light guide plate 61, Collimators 62a and 62b, and Lamps 63a 
and 63b which constitute light equipment can be arranged as mentioned above in the front face 
(watcher 70 side) of the liquid crystal display component 72. Even if it is a case dark in a perimeter 
in a reflective mold liquid crystal display, by operating light equipment (lighting), a light required for a 
display is given to the liquid crystal display component 72 by this, and the legible display of it is 
attained by it. 

[0073] Moreover, when bright in a perimeter, by switching off light equipment, a light guide plate 61 
becomes transparent and at least outdoor daylight can realize a display legible enough. Thus, only 
when required, power consumption can be reduced by operating light equipment. 
[0074] Furthermore, since a light guide plate 61 can be arranged between polarizing plate 64a and 
the liquid crystal display component 72, the count to which light passes a polarizing plate can be 
reduced once, and a brighter display can be realized compared with the case where a light guide 
plate 61 is arranged on the outside of polarizing plate 64a. 

[0075] in this example, also although it excels using the lamps 63a and 63b by which opposite 
arrangement is carried out, sufficient quantity of light is obtained — as long as it becomes, the 
number of lamps may be one. 

[0076] Furthermore, the display which was excellent in homogeneity as compared with ** lighting 
lamp method which is the conventional technique is obtained. As compared with ** transparence 
reflective method which is the conventional technique, a thin form and the homogeneous 
outstanding display are obtained a light weight and brightly further again 
[0077] 
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[Effect of the Invention] As mentioned above, according to this invention, it can install in the front 
face of a hquid crystal display, the light from the light source does not go into a direct observation 
person's eyes, and the uniform lighting to a liquid crystal display component of the light guide plate 
and the light source which constitute light equipment is attained. By this, the lighting in the 
reflective mold liquid crystal display which was conventionally difficult for lighting is attained. 
Moreover, since a light guide plate is a thin form, it fits the portable OA equipment carrying a 
reflective mold liquid crystal display. In addition, when it can be bright in a perimeter and it can 
illuminate by outdoor daylight, the light source can be switched off, and when dark in a perimeter it 
can turn on switching on the light etc. if needed, and power consumption can be reduced by 
choosing putting out lights. Thus, the reflective mold liquid crystal display of a low power is 
realizable in a light weight and a thin form. 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2-**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing the configuration of the liquid crystal display 60 which 1 
one example of this invention. 

[ Drawing 2] It is process drawing explaining the manufacture approach of a liquid crystal display 60. 
[ Drawing _3] It is drawing for explaining the principle of operation of the light guide plate 61 with 
which a liquid crystal display 60 is equipped. 

[ Drawing _4] 11 is drawing for explaining other principles of operation of the light guide plate 61 with 
which a liquid crystal display 60 is equipped. 

LDmwing_5] It is drawing for explaining other examples of this invention. 

[Drawing 6] It is drawing for explaining the principle of operation of further others of the light guide 
plate 61 used for this invention. 

[Drawin g_7] It is the graph which shows the relation between the number of a height, and the 
quantity of light. 

LDra_wjng_8] It is the sectional view showing the example of a configuration of the liquid crystal 
display by the lighting lamp method. 

[Pxawjng_?] It is the sectional view showing the example of a configuration of the liquid crystal 
display by the reflecting mirror method. 

[Drawing 10] It is drawing showing the example of a configuration of the liquid crystal display by the 
monotonous form lamp method. 

[Dj^wingJJl It is the sectional view showing the example of a configuration of the liquid crystal 
display by the light guide plate method. 

[BiawingJ _2] It is the sectional view showing the example of a configuration of the liquid crystal 
display by the transparence reflecting plate method. 
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[Description of Notations] 

60 Liquid Crystal Display 

61 Light Guide Plate 
61a Up front face 
61b Lower front face 
61c Height 

62a, 62b Collimator 

63a, 63b Lamp 

64a, 64b Polarizing plate 

65a, 65b Transparence substrate 

66 Liquid Crystal Layer 

67a, 67b Transparence adhesives 

68 Reflecting Plate 

69a, 69b Light source light 

70 Watcher 

71a, 71b Air space 

72 Liquid Crystal Display Component 
68a Reflector 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2-**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 



[ Draw ing 3] 




61d 



[Drawing 4] 
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[Drawing 21 
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[Drawing 51 
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[Drawing 71 
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[Drawing 61 



61a 61 




[D raw ing 10] 



file://C:\Documents and Setlings\WilliamsT\My Documents\JPOEn\JP-A-H05-158034.ht... 1 1/10/2006 



JP-A-H05- 158034 



Page 16 of 16 



(1) 



32b 



31 32a 



1 ^33 Hv. 



33 



37 A.'/.w.-/.- , ///y/ ■•;/ / ;/,'/ s/\ 

(2) 35^ //,/y///y/ 
32b^T 
36>^ 



34 32a 



[Dra wing 1 1] 



f5 44 



41 l- z .W W r Z I z ^ zfa / / .41 



1 



[Drawing 1 21 



55 




[Translation done.] 



file://C:\Documents and Settings\Wil]iamsT\My Documents\JPOEn\JP-A-H05- 1 58034.ht... 11/1 0/2006 



(19)B*B#iWr ( J P) (12) & g| 4# |fr & $g (A) Ul)ffflFtMf»l** 

#ifFP5- 158034 

(43)^MB ¥^5^P(1993) 6 ^25B 



(5i)int.ci. 5 mum^ jrwsa#-^ f i sfls^em 

G 0 2 F 1/1335 5 2 0 7724-2K 

5 3 0 7724-2K 



SSffi* IS^MW^ 1 (£ 9 1) 



(2i)asB#^ 


^^3-318991 


C71)iUSIA 


000005049 










(22)tBffiB 


¥^3^0991)12^ 3 B 




±KJR±KrePBf^E«itbBI22S22^ 
















^Eiff^KflJPSf^SEgjteBT22#22^ > 
























^J6JS^:K0PRrfg»ESiteBI22#22^ f 
















#S± BI» (fl- 1 £,) 



(54) imwnzwi m&m^&m. 



(57) 

7 2<D«I;13#7 Otllc, ^jg® 
6 1 c£ffiJfiELfc*3fc«6 1 £!EtBL, ^S5teffi6 1 (D 
*}|6j-r-6ffll®ro^ffl!ll--?-*T.-?tl— 3 a , 

63b^iBM-r-Sc 3}3fc«6 1 t7>?63 

a, 6 3 b <tfl>raiC5>^* % t>0)3ta)-hSB^®6 1 a'v 

<OA^9 5«iJ(8-r-5fctf)(Dn'J>— * 6 2 a, 62 b 
-?ti.t>*>. U'J* — £ 62 a, 62blC<fc 

or. ±sua®6 i a^fflAitfles. xmfttf±&.m 

-f £ftl£lc|63rf -S. CtU^oT. 7^63a, 6 
3bfrb CD* «<BS%lf 7 0 iCSl^f h Z. 1 1* < . 

Stfcffie 1 i::J&j£$*tf=^SS6 1 cl=AMLfeftl*% 

as^ff? 2fl«^ajat-f •&= c*u=«fco-c. asaa* 

m^7 2 -v(Dl£)-^5!gB^^||S-r -5 C t A<"C^ ^>„ 



\ 




3— <@> s 



s 



(2) 



f#§3¥ 5-1 5 8 O 3 4 



£*u JgBJlSffiffli*^cDA3*3fc££ltt-5K3t#fS:£«S 
*.fc*H6)S«i: CDfiHlcjfc&ff LTit* *!.&;«.§. 

L. g5feffi<DE«T*£ nil. #3feffi©?SSS*m^-«t: 

i*s«fiyict4^-ri,!K)S£DJssT*^n 1 1 u io 

[St 1] n 1 <n ■ s i nfl 

[«0!a>l«BfcBMB] 
[O O O 1 ] 

imm±a>mm#m'i r>— k^p*7*^< 

t*3--^T-r>y. fe-5LM*li&{I^CD#8^-$fc<!: 20 
[0 0 0 2] 

[&3fcCD&fl5] EL (Electro Luminescence; IU^7 h 
□ KRT (Cathode Ray Tube ; Pi® 

. LED (Light Emmiting Diode ; #6^^^^-— 

^^SCO^aSSStLT, £<CD;fr;£A<Jg5g£;rU * 30 
[ O O O 3 ] (Smm'v >7153L 

BcD®fi£04£j*-rSrS0T?fc&. 7>^Ha, 11b 
li. jasa^lSMl 2cDfir®ffi!L flWi::lBB**i&. 7 

>t?1 1 a. 11 bA^CD&l*. j£S£*5£B 1 2$I 

iSL. SStffi 1 3 T- ?st;j«a$*£Bi 2^ 

itaiT-fe^^^^l 1 a. 1 1 b£j$S^gBl 2 CD 

[0004] ®5.mmyj* 

mZHi-tmvtb&o &87«&55tl*. 5fcCD?iJffl#>3M*;S 

^>^2 3CDj$&*;FgB2 4 tiis«<Bics»ffi 
2 =j\yZfZ 3 A^<Dpt^ Xbm«k < bH® (& 

al*^M2 4fi9) IC«t8*t-&. filtffi2 2f£lt-CI±^ 

®ssp»a<^>^2 3 cDS>zii-ii y . sst?t>£fcy*> 
-riMBBfitfeu. ffiftS2 1 ^^>^2 3(DH5ffiicists so 



L. ffif$«2 1 cDJI*£SE;;i&fc£XT«iJtcDii)-1f£ 
StSt-So t£i*«2 1 fr*CD3fcA<;$J B S^B2 

[ O O O 5 ] (D¥«l^ 

@i oi*. ^s^^^^jSojtassM^SL^ssss 

3t®3 1 tfM&LZH&o &pfc®3 1 CD£:&i35iffilzl*. «c 

tfg3 2a, 3 2 bA<Ete$*trfcy . i&mm*i3 2 

a, 3 2 bfiUCDfitSI-cfco-C3i3fe®3 1 *<^-Ti>„ S 
3tS3 1 ^<b<7>3fcj3<&iia5Pgm3 7lcS3t**t-5o - 

<D¥«JK5 >^5ti*5 > 7 e &y . ftS 

[0006] ®S*K;fr5t 

i1 11*, gifc«;5ScD5k3I£B£ffl^&;i£S^&B 

i*. aijtttrosHfcT^ ■jvu^aittif-e^jaLfc^ffi 

4 3fl)F«iffi-C-(D^mJ5Stlr<fcoT^3t$*i5o »ftffi4 
3 CDj£g*jjtgB 45t l*S*H»IS® ICli&tMfi 4 2 *< 
KlS^^Tfcy. ^>^4 1 A\f,(D3telifitI®AMbC0^t£ 
tfefi4 4£<tfcL-CJ&iij£*u SSS«*^M4 5lC^ 
$*t-5o 7>^4;1li. &tt«4 2£0^Lfc 

L^X'J•y hfcif^ipJfflL-cisgpteL. 3feCD*]ffl3!]^cD|6]_t. 

IHX'J-V M*#CD.MtS£pPS-r5 : t<D-t!l*fcl-'„ CCD 

Si^cDjKaa^^a^fiifflLfcW^scD^ 

<blcttJST-#£„ 
[0007] ©e l^5C ; 

ELI*. jtUfc. gfiCD^FffifecDjfelSSg^fcy. «?J£<D 
«3-ttl~fi;rU 5SSa^ScD3tjlSa<i: LTCD!$ft£ 

ffiffltfCDfeSfe-lbA^l^drir.cO^^^LTfcy. 

LA^L^^A^t,^£^^. ^sss. s*tSMb<DE lcdhs 
mumAjX'^i, z t y L j«s^*^scD5iHK<bi-ff 

E L7>:?J3<SgJEtt'£*tTL*"5.. 
[ 0 O O 8 ] ©S^S*t«^S 
01 21*. SISSS**5^CD*3SSM^fflL^;-«Sa^ 

jfcl*. i$SiiSi5 2CDfitIffi (®ai#5 5fii|) IZffi^ 
£ftfcitacB&aMS5 4-e5at£;»v SI$^§5 2j 

5 2J2IL. mIt5SI*ffii5 4^^iiLfc^. jSESS* 
2$-M-5©Si|#5 5 jcg|iS-r-5). CCD3t3S^M^ 

[0 0 0 9] 



3 



(3) 



I 

4 



t#B8¥ 5-1 5 8 O 3 4 



+K /$—v-)-j\,=i^tf=L—$teii<noAm&<D'bmt. 
tf&mizm/u-ci**. -is. mnmti<»iB.%L*>mw-efo 

[0010] c4xf>rong^5»3i-r*fctoi-i*, ss, 
Mtfeii. sar^as^a-ei*. waflfr&an 

[0 0 1 1 ] ±i$<D6aS<Dfi£*ftffi(Dii^. (D&StM 

[0 0 1 2] ©gBB^^^^ie. (DSBBSStffi^itf 
^$)-^^fi8B^A<|iLt^i:L^3Fp1e* < $)i>o *fc. 

it«^-ei*s ftas&atf^-eiK a4ti^n«*« 

N — L C (Twisted Nematic Liquid Crystal) » STN 
-LC (Super Twisted Nematic LC) <f ift?l*. ifciUS 
mm : FPi(D&g l #=f-$:®m&fo tLt90S~270t 

jCt? i* 2 «{(D<i3ic«a>^i-*3iisa^ mm. 

Bt< ttht^^fSimtftbZo 

[OOI 3] *f£BJ(DaMI*, Bfl^tNa*A<Plt6tCSSt 
fl£0>;«ia«^ga£iH*-f£C fCfc^o 

[0 0 1 4] 

[PS^P*-r*fcto<»^K] **BJ(t. SBJS*5<t. 
^SBJSffi|zJrtl6)LriEa^+i., SBfl»S«|A^(DA« 



mzmmztizftrntz-sfr. mtzmyttitiDm&mnim 

■fcU ^5t«(D«SS^m ; f : i:l*SS7<HI-'(aa-r*^S 
[0 0 1 5] 

[Sfc 1] n 1 < n - s i n 0 
10 [O O 1 6] 

ea**.. ^«3t«a»iJffiron^«iic3tasA<Ea*+i 
a. 

[0 0 17] C 3fe3S3tOgrE^3t«<D;-«S*^ 
f*£*t«Wrt*®^<DA*tfc a I*. ±ffi» 1 (OHflK 
20 3££iSSfc-f £51^ ■rtt*3*.^:SS*-r-S«fc : 5lc^$*i. 

*vh*i*fc*>. aa***jF«i=aj*rr*. Lfc*<o 
■c. *a*ri. anis««, r**?%t&si#fiBt=i*a» 

as££A«c *fc. Kmzm^tztz. 9 

*sitiMi&«. anaififli^&a)»(-jiita>AMa>i»* 

[O0 1 8] CCD<l:?lc^5fc:K,h3fc^<kA^J?)i-53fel5g| 
aii. iSSS^m^coflffi; (a*®) fldlctSB-f 

y. ftmm*imtzitmyttii]tmmtt£V. Mt<DAma> 
mmtitu^-r. a»«a^«9sa-r«c&«t-e»«. 
*fc. B5ie3tas^ai*. iwfiKittu. fi^ffiia 
40 ^m^toraic^sA^Piti^fc-s. corns. 3te35S?a 

[O 0 1 9] 

16 0<D^fi£$-*-rBTSEl!-efc-i>. ;«SS*3£a6 0 
I*. — M<Dlm%Wi6 4 a. :6 4 b FBll-jiSaa*^^ 7 2 

so f*Nt>fi£-g)-*t<DaBflft« : 6 5a. 65 bF B 1IZjgl,^6 



(4) 



ftmW- 5-1 5 8 O 3 4 



7 21*. Si$^-5ct F T (Thin Fi Im Transisto 

r) SSOSii^ITtfe^o *M60|-CI** TFT 

t+< . ffeCD^S. 7c£*_tfM I M(Metal Insulator Met 
al) ttVmm-* h';^7X^*/d:ifT?t^l^ 

[O O 2 O] <S3t&6 4 b(D?SS*^m^-7 2 tlt&Zt 
WlZlt* J£S«£6 8*<ifiS£ft£o JE*f«6 SCDiSg^ 
3F**7 2««ffll*. Mt^T 2fi»fr£><DA§*3fe 

[002 1] m^m^m^l 2 £d*K6 4 a to>m\z 
I*. f§&«6 4 a t<Om\Z^m7 1 a, 7 1 bf^tt 

[o o 2 2] mUftie 1 (D«isj-r*fi9®(7)^fi3icl*. 

ftlf*l7>^6 3a t 6 3 b*<KB£*t£o ^5fc«6 
U7>?63a, 6 3 b ^(DHlCli^+I^+ia U> — 
£62a, 62bA<ElJtll)o □U>-i'62a l 6 
2bli, 7>^63a, 6 3 b *>^<DaiS*3fcCD. 
6 ia>±SP^®6 1 a^<^A§tft^*JK-r^)o fcfc\ ^ 
3tS6 107>^6 3a, 6 3b/)«l*ll§t«l: 

[0 0 2 3] 2W5fi6 5bfec):l/ii*S6 4b, flffc 

«6 4bfcct:i;j5*tfi6 8(*. *ti?timwmmme 1 

a, 6 7 bdckoT&^tlTl^o 
[0 0 2 4] CZTM*. 2WSfi6 5a<t. 6 
i:. 5 bt, (g3fc«6 4 b£. S0^^»J6 

7a, 67b£li. S#r^<l5^L<^^ctaiC«^ 

[0025] CC-CI*. 7>^63a, 63bfr£>35fc 

2a, ezbzmi^tztf. AMftz-fe<Dmm&\z#m 

=>lsZf6 3 a, 6 3 b ICX U v h C £ lCcfc o 

3a, 63b iCifilNg&tf-efi. 6 1 ^<D AStftS 

< . ±J£»*<@C ^fc«6 1 

£1^ £fc. 2©3fc«6 ICOS^n^S^^MlC-rtl 
IS. ®*«6 1 |rAStL/c3fel^-<T±SS*^^^fc 

[0 0 2 6] &^lZl£CXmi>tWie 1 (Di®6 1 

a, 6 1 b<Dif*>*fr—?5&tz\*mJ5\Z^ JRWRfritK. 

[0 0 2 7] $fc. R§*ffi6 8 J5£lfi8gi£ft6 5 b*< 



: 6 

[O O 2 8] $ blC*fc. 1 0)±3$®6 1 a 

T*<fcl\, C<Di§dtt(B*«6 4 a£^fcffi6 1 JLdlt 
^3t«6 1 <hi!3fcffi6 4 a CDS 
(§3fc«6 4a£«3fc«6 1± 

iciSitt^io *fc* 1 a>TS?a®6 i b 

10 Ttufcl*. *fc. »Jft*6;"l (DTSP^®6 1 bft*&jfc£ 

»a-ra>l33El»*<«:it#tl<. TSPS® 6 1 blw=j— x-f 
>^£16LTi«fcl*L. #7Xi«6 5atia«j:lJT 

[0029] *e>ic*sgj£ipi-ci*fi*«*fflt^jasa 

1 ICfclNT<S3fe«6 4 a, i6 4 b*5cktf»f »6 7 a4< 
[0 0 3 0] B2I*. $a B a$^l6 Oa>K&Xfi£lft 

20 BH-T SliBtft^o lia ^tr^MH^* 
tHUtlBMe 5 b«ML« C0>2I^S«6 5b 
(D-^SC-lftWSflllt 7^^1/7 7 X y »J =3 >T F 

ilSffi'Cfe^SWm® (ITO; Indium TinOxide) 
[003 1] Ila3-ei^ 2BMfi6 5a ( 6 5b£ 

5 a, 6 5bffllCTN X t V K* V x -< *y ^ ) ;1£ 

1 5 6 5^ffifflLfc^<. tt(D*l«»tfflt^t**fe 

y. ^w^uTt^f^t^ 

[0032] ^<7>^. X^'a 5 Trf*. -H^ffi 64b?I 

8tNtlga6t\ <gp^ffi6 4 blCX7H4rV^(Dai 
Wm®S»]6 7 bt\ ^7— ^ >llPX£JfeLfc A I 

50 m. ?g$^1 2|/m(DRIt^(7)^ega^?^|i£Lfc«il^ 
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2. 5mm(DPMMA(polymethylmetacrylate) §80>ai 
3fe«6 1 £_tajg«6 5 a <kg< m^^SSOfiMlzS 

[0 0 3 3] *SSS^T*liA I &»ffi6 8^iS3tffi6 4 

l^o tzt^liECB (Electrically contro 1 1 edb i ref r i 
ngence)i! LC, ^h*XhSLC, -fcH h'f— ^ 

ht 1 2t<Dig#fc6 4 a . 64b(D^ <Sffc«6 4b^< 

[0 0 3 4] *ftl*TXiga 8t, ©7fcfi6 1 CD±§U^® 
6 1 at«I1mm(7>rail^fcftT<i3fe«6 4a^l5#tt 
fco Cft^S^L&l^U— Alc@£L*:&. Ha 
9lZfclNT> 3 * 6 2 a, 62bt7>^63 

a, 6 3 b tt ^«?f*ltfco 

[0 0 3 5] 03f4. *3fc«6 KDiSf^KS^^t- £ 
0X^,7^6 3 3, 6 3 b^bl*fi6 1IZA» 

l/c*6 9ii. ^fc«6 1 (D±^mme 1 ai^-r &a 

[0 0 3 6] 

[»2] s i n 0 1 > 1 /n 

me i a ^TSP^oie i b tvfrtt£Mm^tetf*mit 

166 1 rtSU^fcfc&LTLKo C<D££\ *;fc«6 1CDT 
SPS®6 1 blcff2j$£*Lfr3&gSB6 1 cl::3fc*<AS*-r£ 
i: ^eSP 6 1 c (D^ffi^O) Altft 0 3 14. 
[0 0 3 7] 

[& 3 ] 0 3 = 0 1-0 2 

-efc£o ::t\ Al*«0 32><. 

[0 0 3 8] 

[»4] s i n03<1/n 
^^^JStct-i:. 5fc6 9I4»*«6 1 <D3?®gP6 1 c 

[0 0 3 9] 

[Sfc5] 0 4>9 O" -0 2 

6 i icAmu ±su^®6 1 a^t,ai^-r^o 

[0 0 4 0] ztiZVt5±-t%tztb\z\*. 

[O O 4 1 ] 
[»6] 

0 1 <0 2 + s i n- 1 (s i n (90° -02) /n} 

<DX. mtirmnitf&l. SV&Zo Ltztf-DX. 
[0 0 4 2] 
[SS7] 0 1>42° 

o>t$. mBAj}te9i*m?ttfaGi<»±&mmG i ax-± 



[0 0 4 3] ^B^3fe6 9^^65 6 1 cO)g®t 

[O O 4 4] 
[»8] 0 2>4 8° 
T*fe€>o *fc. -Stb^L^^<HSAItL^l^# 

[0045] 

[S9] 0 1<7 4. 5° 
10 [0 0 4 6] *HJ6^|-e[iaU>— ^ 6 2 a, 62b(D 
[O O 4 7] 

Uftl O] 45° <0 1 < : 70° 

^3tifi6 1 co±sua® 6 i a yjfo^omcomtiitm 

to^+i-f. TSHS®6 2 b(D^lc^0^ateA<t±i^-r^Ci: 
*><*|^£*u ;^ B B 9 ^m^7 2I^M(tfc«S^. 

20 [0 0 4 8] mitteG 1 ^e«-Ti>RS0^3t6 9 I* 

RSt^^>ftSi^l3^Lfc5ieSB6 1 c<D5k3SSBlcl*A 

[0 0 4 9] g]4l4. ^SSU6 1 c&i&CDi&tfl&Tjk'tm 
T?$>£o C^tMt JtoXCD#g^¥^CD^egiJ8 1 c 
£Jf£l£LTl>6o WT, S;4^#RBLTS!lffJ©S^IttB^ 

[0050] 7^63a, 6 3 b 6 1 |C A 

30 mLtzmmtft8 9 a, 8 9lb(7>. «3tffiCO±Sl5S® 6 1 
afc^t/TSU^®6 1 blC«-r&AMft£^*t-eh,0 1 
5, 0 1 1 <tL. ^ffi6 1(7>B«T*£n 
[005 1] 

s i n 0 1 1 > 1 /n 
[0 0 5 2] 

[»1 2] s i n 0 1 5>;i 

RB^3t89a. 8 9blii«6 

i<D±aj^®6 i a^T^^e i b t (Dmxj^m^m 

40 [OO 5 3] ^5fcffi6 1 (DT^mme 1 bf^^^Ftlfc 
^jgS&8 1 clzmWtite 9'a, 8 9bWlt«d:^ 
^SSP8 1 c(Dia4|CfclVT^!lSifimSiJ8 1 e^Sig-T 
-SEP^S 9 afcj:^ ^i8S&8 1 c 8 1 

f £ffiof::8Bffl3fc8 9 bfl), ^eSU8 1 c0)i®8 1 d 
T*0AS*A0 13. 0 1 6(4. 
[0 O 5 4] 

[IS 13] 013 = 90° '— 015 
[0 0 5 5] 

ISL 1 4] 016 = 90° -011 

50 t?fc£>o 



(6) 
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[0 O 5 6] ^SP8 1 clzAirf £8B*iB3fc8 9 a, 8 

9 bit. Me«4iEit«8 1 e t^m&m^s 1 f t<D 
m^mm^-^ox. sieges i comma ^ d^oxm 
&it. fuse i 3. e i 6£y mftfoo 

t? % ©3fe«^a^a>AS*ii^4 8° ia±co<h^. 3S£SP 

8 1 cT*RB^3t^a3^4o S3t«6 1 <DAS*ft£:3 'J 
^7 2lCSKttit/c<bC*. fi#fc^n°ntitf^*vfco 

[0057] meit. *§£w<Dte<Dmmm&mwTtz>tz 

[O O 5 8] 

[IS 15] n-sin0b=sin0a 

tfj£:io 0 nSP(D^>^6 3 a , 6 3b^b© 

[0 0 5 9] 

[%16] s i n 0 b< 1 /n 

-tz&mt. 

[O O 6 O] 

[»17] s i n 0 c> 1 /n 
[O O 6 1 ] 

[Stl 8] 0b + 0c=9 0° 

-ca&saro* mean efc^tfsi 7*>^. 

[0 0 6 2] 
[»1 9] 

s i n0b<1/n<s i n (90° -0b) 

-cfc^o OtoM&ttMtzTe bit 

[O O 6 3] 

[»20] 0 b<4 5° 
-efc&o ^<Dt$. Btfr^nli. 
[0 0 6 4] 

[»2 1 ] n> 1 . 4 2 
T-fc&o Lfctf-3t»*S6 1 a)BWn«««IE*2 1 
£»fc-T«fttt. *^ffi6 1 ^<7)AM:fca>A8*ft£frllB 
■T4fctf)(D3«jy— * 6 2 a. 6 2bttTSt65o fc 
i 6 ICOtt^LTPMMA^ffll^d:, B 

ft*nl4l. 7>?6 3a, 6 3bft>&<DA 

»«a>AWftO)±IR«*«IIR"*"*fc«)«>a 'J * -* I** 

[oo6 5] me\t. mft&e i nmnmftmm&mw 

■?Z>tzisb<DmT*foZ>o CZXlt^^t^e 1 (DB#F^£n 
fc U «%«6 1 a)******- 7 2 fcl*K*f«lctMt 
-T£1$3ffa>Btfr^£ nUL, ^3feJ£6 1 (D&S&^iS 
^F7 2«lzttB-T41fcft©H«** n 2tt4. 
[0066] @6 (1) I*. n1=n2 0>i§£*<DlS^£ 



. 10 

6 1 b-Ctt#ttJRIM-**<. ^eSU6 1 clcA»Lfc* 

[0067] ^6 (2) It. n1>r>2 (7>i§^<7>S)fEIgl 
I^LtMo ^3fc&6 1 <D±SP«® 6 1 aTMi#lt 
*JE»*r4A^ T»«ffi6 ! l bCD^eSU6 1 cfiMO)* 

izA&Ltzftitme (i) ic*-r«dtB*ic±T«a 

10 [0 0 6 8] me (3) f*L JB*f»n2*t»#*6 1G> 

3t«6 i <o±&mm 6 i a*>e>±^. tet)%nat7 
[oo6 9] mut. &m®o>m®Lk*/tmto>Mmzf* 

■?<f=?-?T-t!>Z>o ^>^6 : 3 a , 6 3 bCD^SCUfcC 

»«. ftflE»s»*«a>«iBi*i-eaaic»b . 
tzt*. am* t mm<r>m<Dmtftma>±miztj: z> * a ic* 

[OO 7 0] *Xlttt7?l*B%«a>ttft£ LTPMMA 

[OO 7 1] ±S60>,fe5l-**«6 1 3^&aj»Lfc* 
i*. S0^S«6 5aT*%J5iti+"r> JE*t«6 8«=a-r* 
*T*ltii-r^o JE»S6 8jtDJE»DB6 8 al^HaLfc* 
I*. fi»S6 8aTffl£»**t, lb**tfc«. £^ 
«6 7 b. {g3fcffi6 4 b. JgS#J6 7 a. S^Sffi6 5 
b. jfcSJf 6 e. ^B^S«:6 5 a. ^Sl7 1 b. mit 
fae 1 . £S17 1 a. (I3tffi6 4 a SDUKKBU S 
^®fl^ai#7 Oa>glcH)^-r^o C(Dt#. 3t(7> 

40 iii-ti^fSj±-r*fc^(cjsit«6 8 tmw&Wie ebt 

[0 0 7 2] J5l±0)«k5(^38*fi«l^«fc*ttf. %ffi&W. 
ti*t«»*S6K 3^-^6 2 8, 6 2 bfcJ; 
t; : 7>^6 3 a, 63b ^^§^1^7 2 0)15® (« 
;llt7 0ffl) lzmW-?Z>z\ttfX-£Z> 0 CttlCcfcoT. 

*agss*f*«i (js*t> i-;^c<hic^o-c^7f.(z^gft 

<tft^)o 

so [007 3] SH^W*t^«^l*3te3SSS*>H*r 
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[0074] £ «b <gjfc« 64ai jS^*^^ 7 2 
6 1 $fl3tffi6 4 a(Dn«5lcKM-r-&^l^tt'<TJ:y 

18 & £ mmr z> - 1 *<-e # -s c 

[007 5] *Hfi6«!11?tt. «(S]iEg^+t47>^6 3 10 
a . 6 3b ^mi^tzlfHH +»^3taA t #^*t4^ 

[0 0 7 6] t£*ftffiT-fc£©BPJi ; 7>:7:*5E 

[0 0 7 7] 

<DOA&3glc®LTU-5o JMljLr. SfflA<IB^,<^.jfet? 
|:J:ot, ifflt*2ia>fiX€fT5C£«tT*&«. d<D«fc 

f& £ m-? »® 0 t? & -5 . 

[02] ;1I$^36 0<©S!^7JJ*£l»ia-r-5Xgia 
[S3] iS$$SB6 Olc{i^.e>*t-5>3l5t«6 1 <Di& 



[04] jSgiS^m6 OlClixf>*1.-5^3t1fi6 1 CDflk 
(Dl&tt Il^lftfflt * fr tops T- * „ 
[05] *f^<Dte<»llife^£t&BJ|^£fc&<D0T-fc 

[06] *#gB8l-ffll'>'=>*V.5^GtB6 1 <D$t.lC<fe(DiS 

[07] 3l&&<J>®$Lt!iim.to>M&2*T<9 : ??T'S> 

[09] J^tt^SlcJ:*;*SS^^mo^09^^-r 
[01 o] ¥ffi^^>^^Cl^^^^SS^SMcD^ja 

[^(DlSB^l 
6 o ifcHS^ga 

6 1 mit& ; 
6 1 a ±&mm 



6 1b 
6 1c 

6 2 a, 6 2b 

6 3 a, 6 3b 

6 4a, 64b 

6 5 a, 6 5b 

6 6 

6 7 a, 6 7b 
6 8 SStffi 

6 9 a, 6 9b 

7 O 

7 1a, 7 1b 
7 2 fc^^TTzMT 

6 8a Sit® 
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60 



68a 
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61 
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1 
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a1 
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aA 
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a6 
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a8 
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61a 61 
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72 
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[SI O] 



32b 



31 32a 
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